We calculate the fragmentation function for a heavy quark to go into quarkonia + X including relativistic and binding corrections. We use a systematic gauge invariant method which starts directly from QCD and which allows for a systematic expansion in quark relative v elocity, which is a small natural parameter for heavy quark systems. Inclusion of these O(v 2 ) corrections modies the fragmentation functions appreciably.
The fomalism developed earlier [1, 2, 5] can be applied to some other processes as well. The present w ork was initiated by the observation that in all existing treatments of fragmentation, colour gauge invariance is not properly accounted for. Eectively, all authors have implicitly assumed the size of the produced meson to be so small that the gauge-link between the colour sources is a unit operator. This is valid only in the limit of innitely massive quarks. But certainly this cannot be true for c or b quarks -even for the t quark this would be true only to a few percent.
Fragmentation processes require a variation of the technique developed for the decay processes. We h a v e found that direct introduction of a link operator oers a quicker route to arriving at gauge-invariant matrix elements. While these cannot be calculated ab-initio, nevertheless they can be modeled in a nonrelativistic model. Alternatively, they can be extracted from experiment b y examing decay rates where large momentum transfers are involved.
Our starting point is the denition of fragmentation function in terms of matrix elements of eld operators at light cone separation i.e.,
where hPl (0) 0i is the amplitude for a quark to go into a meson + X, shown diagramatically in Fig. 1a .
and
is the gluon propagator. The gauge non-invariance of the B-S amplitude can be xed by i n troducing the gauge link operator, i.e., write
Expanding in poewers of k, the gluon momentum, and performing the k integration we get only the covariant derivatives
where
To proceed, one can perform a Lorentz and CPT invariant decomposition of each of the hadronic matrix elements in the above equation. This is somewhat complicated [4] and involves a large number of constants which c haracterize the hadron. This is discussed in detail in Ref [5] and we refer the reader to that reference. The end result is, 
Integrating over z, w e obtain the total fragmentation probability: Integrating over z, w e obtain the total fragmentation probability: 
